Of 101 patients who had major pulmonary emboli confirmed at autopsy, 44 
BECAUSE of recent enthusiasm for pulmonary embolectomy,1-6 this study was undertaken to estimate the percentage of patients with massive pulmonary embolism who might be appropriate subjects for embolectomy. Sudden death more than 50% of the cross-sectional area of the pulmonary arterial tree must be occluded by large emboli before significant hemodynamic changes occur, we included in our study cases of lesser embolic occlusion for the following reasons:
1. In some of the cases no other cause for sudden death could be ascertained at necropsy, and the mode of death strongly suggested embolization. In a clinical setting, those patients would have to be considered for embolectomy. The decision regarding surgical treatment would then be made after pulmonary angiography.
2. It is possible that multiple micro-emboli may have been overlooked in some of these cases at postmortem examination. In this situation, one or two emboli to lobar branches might be critically important. Similarly, an embolus to one branch of the main pulmonary artery or to one or more lobar branches might be fatal if the patient had pre-existing cardiac or pulmonary disease.
3. There is evidence from animal experiments14-17 as well as from observations in humans12 18-22 to indicate that small pulmonary emboli may produce severe, if not fatal, hemodynamic alterations, presumably owing to reflex mechanisms or to the release of serotonin from the embolus.
At postmortem examination, the heart and lungs were removed from the thoracic cavity en bloc. The main pulmonary artery and its major branches were opened longitudinally with scissors down to and including the branches of the lobar arteries before the cardiac chambers were examined.
Because emboli are sometimes adherent to the pulmonary arteries, the postmortem protocols were carefully reviewed by a thoracic surgeon (L.K.G.) to judge from the prosector's description whether embolectomy would or would not have been technically feasible.
Clinical data from the patient's chart were correlated with the postmortem findings to determine which patients would have been suitable subjects for embolectomy. In the majority of cases the clinical records accurately described the nature and duration of the patients' terminal episodes. Usually there was good correlation between the clinical events and the postmortem findings, leaving little doubt that massive pulmonary embolism was the cause of death. In some cases it was impossible from reviewing the record to document any sudden change in the clinical course of a seriously ill patient, and it is very likely that the pulmonary embolus found at postmortem examination in these patients was no more than a contributing cause of death. Most of these patients had emboli in only one or two lobar arteries and the postmortem examination usually revealed major pathology in addition to the emboli. These cases will be categorized separately in the tabulation of data.
Results

Sex and Age
There were 65 men and 36 women in the group of patients whose records were reviewed (table 1) . Fifty-five percent of the men and 67% of the women were older than 60 years of age at the time of death. Only three patients, all men, were younger than 40 years of age at the time of death.
Predisposing Factors
Fifty-one patients died after one or more surgical procedures, whereas 50 had pulmonary emboli that complicated medical illnesses (table 2). Of the 101 patients, 21 had malignant neoplasms or lymphomas. Operations on the aorta or peripheral arteries or both, were the predisposing factor in 20 of the patients with postoperative pulmonary emboli, while 13 of the patients with medical illnesses had cardiac disease. Of 51 patients who had pulmonary emboli postoperatively three died on the day of operation, before they had recovered from the anesthetic, and 20 died between the first and sixth postoperative days. Eight died from 21 to 49 days after the operations. Only 15 (29%) died between the sixth and fifteenth postoperative days, the traditional period in which it is purported that pulnonary emboli are most frequent. Coon and Coller23 reported that in their series 52% of 205 patients with postoperative pulmonary emboli had their first cincial episode of embolism within 1 week after operation. Fifteen of the patients in our group underwent more than one operation during the same period of hospitalization, and since the time of survival was calculated from the second operation it is likely that in some cases a thrombus that had been present as a result of the first operation became detached shortly after the second operation.
Clinical Features
Twenty-one patients died so suddenly that no symptoms were recorded, because they were either dead or moribund before a nurse or a physician could reach them (table 3) . Twenty-six patients experienced a gradual demise without any sudden change in clinical course which could be identified, even in retrospect, as an embolic catastrophe. All of those patients were seriously ill from other disease to which their deaths could easily be attributed without invoking thromboembolism. Eighteen of these 26 patients had embolic occlusion of only one or two lobar arteries, whereas one patient had emboli in three lobar arteries. Of the 54 patients who had symptoms that at least in retrospect could be attributed to pulmonary emboli, 35 had dyspnea, including 10 whose only symptom was dyspnea. Next in frequency to dyspnea was shock, noted in 28 cases. Pain was mentioned by only nine patients, and in each case it was the aching, diffuse, anterior chest distress similar to angina described by Gorham.24 Pleuritic chest pain characteristic of pulmonary infarction does not result from massive pulmonary embolism,25 27 In retrospect, we concluded that of the 101 patients 29 each presented clinical or roentgenologic evidence or both, of small pulmonary emboli preceding the massive terminal embolus, although this diagnosis was rarely made antemortem. Other authors20 '25,27, 28, 31, 36 have emphasized that small warning emboli precede the fatal one in at least 15% of cases, sometimes more. Forty-three of the patients in our series had pulmonary infarctions reported at postmortem examinations. Since massive pulmonary embolism rarely, if ever, causes pulmonary infarction,25 this finding indicates that more than 40% of patients had smaller emboli that preceded the massive one, but most of these were not detected clinically. The actual number of patients with small antecedent pulmonary emboli was probably considerably greater than 43, because experiments in animals have shown7 39 40 that emboli usually do not produce pulmonary infarction unless pulmonary congestion or chronic pulmonary disease is also present.
The clinical diagnosis of massive pulmonary embolism was suspected antemortem for only 20 of the 101 patients of our series. This comUr Q52 Table 3 Clinical Status of 40 Of the 28 patients who survived for more than 1 hour, seven had carcinomatosis or leukemia, three were comatose from massive cerebral infarction, and one was decerebrate after an episode of cardiac arrest that presumably occurred at the time of embolization. With heroic resuscitative measures she survived the cardiac arrest, but died 5 days later from the results of cerebral anoxia. Six patients were considered to have prohibitive operative risks because of massive gastrointestinal bleeding in one patient, diffuse peritonitis in one patient, septicemic shock in one patient, and severe heart disease with congestive heart failure in three patients, one of whom had a recent myocardial infarction. Therefore, only 11 patients were potential subjects for embolectomy, and for five of these, the correct diagnosis was not suspected. Embolectomy, without benefit of cardiopulmonary bypass was attempted unsuccessfully in two of the six patients for whom the correct diagnosis was made and was considered in another.* Another patient, who died while being prepared for embolectomy, had only one lobar artery occluded by embolus, but a recent myocardial infarction was also found at necropsy.
Discussion
If the criteria for pulmonary embolectomy in this group of patients with fatal pulmonary emboli were: (1) In a retrospective review of records, the frequency of signs and symptoms, including the presence of thrombophlebitis will be underestimated because the failure to record certain clinical features does not necessarily mean that they were sought and not found, although in many cases the records specifically stated that certain findings often associated with pulmonary embolism were absent.
Our postmortem study quite obviously presents the unfavorable aspects of pulmonary embolism. Pulmonary embolism in the present antibiotic era has, to some extent, assumed the role previously played by pneumonia as the "old man's friend." However, massive pulmonary embolism also occurs in salvageable patients with nonlethal disease. All such patients who have unexplained, sudden cardiorespiratory catastrophes should undergo emergency pulmonary angiography. At this institution within the last 2 years the last six emergency pulmonary embolectomies have been successful, and all six patients are living.
